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Introduction 
The human body can only withstand small changes in core temperature before detrimental 
health effects can occur[1]. In hot environments, the body needs to lose heat to the 
environment at the same rate it is produced. An inability to do so leads to an accumulation of 
heat and a rise in body core temperature. Temperature, humidity, wind speed, metabolic rate 
and clothing all impact the capacity for heat exchange[2]. Some occupations require that 
individuals wear protective clothing in order to prevent mortality. Although effective, the 
clothing can have a consequence of affecting the transfer of heat to the environment, 
increasing occupational heat-strain risk. One example of this is cash in transit security guards, 
who are required to wear personal body armour (PBA) in response to fatalities within the 
industry[4]. To date only two studies[3, 4] have examined the effects of heat strain 
encountered by security guards, both of which were field based studies. The purpose of the 
present study was to evaluate heat strain encountered wearing non-military, overt and covert 
PBA in a controlled laboratory environment.  
Methods 
Eight healthy males (age 26±6 yr, body mass 76.6±6 kg, height 178±6 cm, V̇O2max 55.5±8 
mL.kg.min-1, sum of six folds 60±22%; mean ± SD) participated in the study. Participants 
attended the laboratory on four separate occasions. On their first visit maximal aerobic 
capacity and body composition were recorded. On the second, third and fourth visits, 
separated by a minimum of seven days, participants walked for 120 minutes at 22% of their 
heart rate reserve (HRR) in a climatic chamber heated to 30°C Wet Bulb Globe Temperature 
(WBGT). In a randomised order, participants wore either no armour (control), overt or covert 
over tactical utility pants, short sleeve shirt with collar and utility belt. The overt and covert 
PBA weighed 2.977 kg and 2.571 kg, respectively. Participants also wore underwear and shoes 
of their own choice in each trial. Core temperature (gastrointestinal CorTemp), heart rate 
(Polar team sport) and skin temperature (iButtons) were recorded continuously. Rate of 
perceived exertion (RPE) was recorded every 15 minutes. Body mass change was recorded via 
nude weighing pre and post trial. Post-trial body mass was corrected for the consumption of 
500 mL of water consumed at 30, 60 and 90 minutes.  
 
Results and Discussion 
Core temperature, heart rate, skin temperature and RPE all increased from start to end 
(p<0.05). However there was no significant difference between conditions at the end of each 
trial (p>0.05). Covert PBA produced a significantly greater amount of body mass change than 
either control (p=0.009) or overt conditions (p=0.025). 
 
 
 
 
 
Table 1: Physiological and subjective outcome variables at the start and end of the control, 
overt and covert trials.  
 
 Control Overt Covert 
 Start End Start End Start End 
TC (°C) 37.2±0.1
 37.6±0.3a 37.3±0.2 37.8±0.2a 37.3±0.3 37.8±0.3a 
TSK(°C) 33.8±0.7
 34.5±0.9a 33.4±0.3 34.8±0.9a 33.2±0.4 35.2±0.2a 
HR(b.min-1) 78±11 99±8a 84±20 103±13a 84±11 104±7a 
BM Change (%)  -1.07±0.4  -1.27±0.4  -1.81±0.4b,c 
RPE (6-20) 9±1.2 11.3±1.3a 9±0.1 11.8±1.5a 9.6±0.7 12.6±1.8a 
Tc, Core Temperature; Tsk, Skin Temperature; HR, Heart Rate; BM, Body Mass; RPE, Rate of 
Perceived Exertion.  
 
 a= significantly different to starting value, p<0.05. 
b= significantly different to control trial, p<0.05. 
C=significantly different to overt trial, p<0.05. 
 
Conclusion 
Although a greater amount of body mass change was observed in the covert PBA trial; based 
on the physiologic outcome measures recorded, the heat strain encountered while wearing 
non military, overt or covert PBA was negligible compared to no PBA.  
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